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M A N U S C R I P T A C C E P T E D ACCEPTED MANUSCRIPT al., 2010a; Niinemets et al., 2010b) . There is also strong evidence that CO 2 directly influences the isoprene synthesis process, with inhibition under increasing [CO 2 ] (Possell et al., 2005; Rosenstiel et al., 75 2003) . Whether or not similar processes operate for monoterpenes is unclear even though the similar processes of leaf metabolism for isoprene and monoterpenes would suggest this to be the case, with evidence that this is the case for at least some species (e.g. Llorens et al., 2009; Loreto et al., 2001 ).
In addition to emission effects from climate and [CO 2 ], which operate in principle on all emitting species 80 in a similar way, there exists a large inter-species variability in the amount of the photosynthetic carbon uptake channeled towards the production of isoprene and/or monoterpenes (Harrison et al., 2013) . The leaf-level emission capacities (emission rates under standardized conditions) depend only to a limited extent on plant family, with widely varying emission capacity even within the same genus (Kesselmeier and Staudt, 1999) , but those plants that do emit BVOCs tend to emit either isoprene or monoterpenes, 85 not both (Harrison et al., 2013) . Natural changes in species distribution resulting from changing environmental conditions can therefore have important impacts on total BVOC emissions by influencing relative abundance of species with different emission capacities . In addition to natural vegetation changes, humans have transformed the Earth's terrestrial vegetation cover, with 35% of the global land surface having been converted to agriculture and pastures by the year 2000 (Klein 90 Goldewijk et al., 2011) . Crops typically have low isoprene and monoterpene emissions compared to woody vegetation, so that agricultural expansion in naturally forested areas will typically lead to a decrease in isoprene and monoterpene emissions (Rosenkranz et al., 2014; Karl et al., 2009) . At least for isoprene, anthropogenic land cover change is therefore considered to be the dominant driver of change over the 20th century (e.g. Unger, 2013; Lathiere et al., 2010; Lathiere et al., 2006; Acosta Navarro et al., 95 2014 ).
All these previously described factors have multiple, sometimes opposing, effects on BVOC emissions and should be taken into account for both past estimates and future projections. In particular the effects of changing vegetation patterns in response to global climate change, combined with anthropogenic 100 land-use effects have to date only been assessed in some studies for isoprene (e.g. Wu et al., 2012; Lathiere et al., 2010; Squire et al., 2014; Pacifico et al., 2012) , and none for monoterpene emissions at a global scale.
Here we adopt an approach that accounts for natural vegetation changes as well as anthropogenic land-105 use change, using the LPJ-GUESS dynamic vegetation model with an integrated process-based BVOC emission scheme (Arneth et al., 2007b; Schurgers et al., 2009a) to perform estimates of global isoprene and monoterpene emissions for historical and future conditions. For these estimates we take into account changes in climate and the resulting natural vegetation distribution, changing [CO 2 ], and the impact of land transformation from natural vegetation to crop and pasture 110 lands. We explicitly consider the positive impact of [CO 2 ] on photosynthesis, increasing BVOC emissions, as well as the counteracting negative direct impact of [CO 2 ] through CO 2 inhibition of leaf BVOC emissions. We compare the resulting range in emission estimates to previously published results, and assess the current uncertainties.
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2 Material and methods
LPJ-GUESS vegetation model
We use the Lund-Potsdam-Jena General Ecosystem Simulator (LPJ-GUESS) to compute the 120 establishment, growth and mortality of potential natural vegetation, as well as plant and soil water status on a global scale (Sitch et al., 2003; Smith et al., 2001) . Carbon and water exchanges are computed on a daily time step, while establishment, growth and allocation, and mortality by episodic disturbances and competition are simulated with a yearly time step. The photosynthesis module is an adaptation of the Farquhar model (Farquhar et al., 1980) following Haxeltine and Prentice (1996) . We use the global 125 version of LPJ-GUESS with 11 plant functional types (PFTs), comprising nine tree and two grass PFTs, with vegetation parameters configured as in Ahlström et al. (2012) . Adopting gap-model features, LPJ-GUESS represents important ecosystem dynamic processes such as establishment and disturbance events as stochastic processes, with a stochastic general patch-destroying disturbance with an average return interval of 100 years. For each geographical location, 25 repeated calculations ("patches") were averaged 130 to account for the stochastic character of vegetation growth and mortality that operates in ecosystems. Fire disturbances are represented by the SIMFIRE global fire module (Knorr et al., 2016) . For each woody PFT, groups of individuals of similar age and size, or 'cohorts', are differentiated within these patches, and each cohort represented by a single individual. LPJ-GUESS has been widely used and evaluated at both the ecosystem and the global scale (Smith et al., 2001; Hickler et al., 2008; Morales et al., 2005; 135 Hickler et al., 2012; Wramneby et al., 2008) .
BVOC emissions module
The LPJ-GUESS sub-model for BVOC emissions is able to compute emission rates for both isoprene and 140 monoterpenes. It combines the process-based leaf level emission model from Niinemets et al. (2002; 1999) with the LPJ-GUESS vegetation model as described by Arneth et al. (2007b) for isoprene, and by Schurgers et al. (2009a) for monoterpenes based on the equation:
The isoprene and monoterpene production in the leaf is linked to the photosynthetic electron flux ‫,ܬ‬ which supplies important metabolites for BVOC synthesis in the chloroplast. ߙ converts the electron flux 145 into isoprene and monoterpenes with the fraction depending on the production capacity of each PFT ߝ ௦ (being the emission factors as given in Table S1 for isoprene, I s , and monoteprenes, M s ) and on a temperature factor ݂ ் which accounts for the higher temperature optimum of terpene production (compared to leaf electron transport). S is a seasonality factor only applied to some PFTs for isoprene production (see Table S1 ) and not for monoterpenes. ݂ ை మ represents the CO 2 inhibition on leaf 150 production of isoprene and monoterpenes relative to the ~370 ppmv [CO 2 ] in the year 2000. Isoprene and monoterpene production is calculated at a daily time step and all isoprene emissions produced are directly emitted, while monoterpenes can be either emitted directly or stored in a storage pool ‫ܯ‬ ௦௧ . Monoterpenes get released from the storage pool based on a temperature function ߬, so that the total monoterpene emissions depend on both the direct monoterpene production as well as release from 155 storage, where:
It is assumed that coniferous trees and herbaceous vegetation store half of the monoterpenes and release these as a function of leaf temperature, whereas broadleaf trees emit all monoterpenes directly 160 after production (Schurgers et al., 2009a) . Adopting the concept of PFT-specific emission capacities (Guenther et al., 1995) Arneth et al. (2007a) and Schurgers et al. (2009a) .
Forcing data
170
LPJ-GUESS was forced with monthly, 0.5 degree gridded precipitation, incoming short-wave radiation and temperature data for the years 1901 to 2100, taken from published simulation results by the CMIP5 project (Taylor et al., 2012) . It has to be noted that using monthly data might cause a slight lower bias in emission estimates (Ashworth et al., 2010) . The climate simulations were bias corrected using CRU TS 175 3.10 data following (Ahlström et al., 2012) , with the addition that an additive bias correction (instead of the multiplicative approach in Ahlström et al., 2012) was applied for months in which the CMIP5 precipitation was less than 5mm. Daily precipitation values were generated applying the method of Sitch et al. (2003) using monthly fraction of wet days. The diurnal temperature range, necessary for the BVOC simulations, was derived using a linear regression between monthly mean diurnal temperature range 180 and diurnal mean temperature derived from CRU TS3.10 and applying it to the bias corrected monthly mean temperature. In order to match the variability unexplained by the linear regression model, a stochastic monthly Gaussian "noise" was added to the diurnal temperature range, with the same standard deviation as the residual of the linear regression. The same method was used to derive fraction of wet days from monthly mean bias-corrected precipitation (see Knorr et al., 2016 Figure S1a) . 190
Anthropogenic land-use change from natural vegetation to crops and pasture was modeled using the dataset of Hurtt et al. (2011) , with both crop and pasture land being represented by generic C 3 and C 4 grass plant functional types, with their relative occurrence depending on climate. For each simulation, M A N U S C R I P T A C C E P T E D ACCEPTED MANUSCRIPT two sets of runs were performed, one with potential natural vegetation and one with only herbaceous PFTs allowed to compete. The output from the latter runs was then assigned to the fraction of land 195 converted to pasture or agriculture corresponding to the RCP land-use scenario. Isoprene and monoterpene emission capacities in croplands were set equal to those for natural C 3 and C 4 grass, consistent with previous syntheses of emissions (e.g. Karl et al., 2009 ). An overview of the main BVOC parameters for each PFT can be found in Table S1 . Due to the high uncertainty associated with future land-use projections, all four scenarios are considered, representing a range of possible trends in future 200 anthropogenic land-use (Table 1) . Global maps for current and future land-use are given in Figure S2 . The anthropogenic land-use scenarios for the 21 st century fall into two clear groups ( Figure S1b ), where landuse under RCP 2.6 and 8.5 undergo a constant increase in crop and pasture land-use while under RCP 4.5 and 6.0 scenarios cropland expansion use shows a decrease, after reaching a peak in early 21st century.
To avoid confusion between future projections in land-use from future climate scenarios, we use "LU" 205 when we want to indicate land-use projections (e.g. land-use associated with RCP 4.5 would thus be LU 4.5). In addition to these anthropogenic land-use changes, changes in natural vegetation under changing environmental conditions are represented by the dynamic vegetation model as described in section 2.1.
Simulation summary
210
All LPJ-GUESS simulations were run for the period 1901-2100 after a spin-up period of 500 years so that all C-pools reached equilibrium recycling the first 30 years of the climate data. The list of simulations is shown in Table 1 . We selected climate forcing data from three well established Earth system models to take the existing variability and uncertainty in these models into account. We use two different RCP greenhouse gas scenarios for future projections -RCP 4.5 as a moderate emission scenario and RCP 8.5 215 as a high emission scenario -with and without a set of land-use scenarios (Table 1) .
To analyze the future impact of land-use we performed runs with the same forcing data (MPI, RCP 4.5 greenhouse gas scenario) but with all four RCP future projections of land-use to identify the sensitivity of emissions to a range of land-use assumptions, independent of climate and [CO 2 ].
In an additional set of simulations, the CO 2 inhibition effect was switched off in the model. Furthermore, 220 a simulations with constant atmospheric [CO 2 ] for the year 2000 was conducted for all setups to separate the influence of changing climate and [CO 2 ] on BVOC emissions (Table 1) .
Results
Present-day BVOC emission patterns and trends 225
Simulated present-day global annual isoprene and monoterpene emissions for natural vegetation were around 400 TgC yr -1 and 30 TgC yr -1
, respectively (Table 2) , and were not strongly sensitive to the choice of ESM used for the climate data ( 
Interaction between climate, [CO 2 ] and natural vegetation change
Climate has a strong impact on BVOC emissions due to its impact on vegetation productivity and 235 distribution, and due to the direct sensitivity of leaf BVOC emissions to temperature. When only accounting for changing climate over the study period (simulation with natural vegetation only and present day [CO 2 ]), both isoprene and monoterpene emissions increase strongly over the 21 st century (for instance, respectively ±21% and ±23% for the RCP 4.5 scenario with MPI forcing; Figure 2 ).
Past and future natural emissions from both isoprene and monoterpenes are strongly determined by 240 the CO 2 inhibition effect. When the CO 2 inhibition of leaf emissions is ignored, both isoprene and monoterpene emissions increase strongly under future conditions due to changes in climate (Table 2) . However, when taking into account the CO 2 inhibition effect, emissions over the 21 st century stay more or less stable for isoprene and decrease by 13% for monoterpenes under RCP 4.5 scenario ( Figure S1a ), 250 which more than counteracts the effects of increasing temperature and explains the marked difference between the simulated trends between RCP 4.5 on one hand and RCP 8.5 on the other (Figure 4a&b ).
While interacting effects of climate and CO 2 can explain the spread in different climate scenarios, the trends for the monoterpenes are different from isoprene when only considering natural vegetation; a continuous slight decline in monoterpene emissions is simulated during the 20th and first half of the 255 21st century (Figure 4a &b & 3 ). This appears at first surprising considering the similar production process of both. A large part of the difference, however, can be explained by natural changes in vegetation distribution under changing climate. Broadly speaking, the emission capacities for isoprene are higher for PFTs occurring in the tropics and decrease for PFTs growing towards the poles, the opposite is true for monoterpenes (Table S1) . A warming climate is simulated to lead to a widespread 260 shift in the relative abundance of vegetation with different emission capacities in such a way that gridcell level mean isoprene emissions capacity increases over most of the globe, while the mean emission capacity of monoterpenes decreases (Figure 3 ). The spatial pattern of the change in emission capacity coincides relatively well with the changes in isoprene and monoterpene emissions over the 21 st century (Figure 1c&d ). While at high northern latitudes, plants with high monoterpene emission 265 capacities increase strongly in abundance, these barely have an impact on the global numbers because of the overall low total emissions due to the cold climate and very short growing season (Figure 1b) . It is important to indicate that there often is a shift in relative abundance that affects the grid-cell mean emission factor, but is not large enough to replace the most abundant PFT (Figure 3 ).
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Anthropogenic land-use 270
While changes in vegetation distribution in response to changing climate can have an important impact on BVOC emissions, large parts of the globe have been transformed into croplands and pastures for human use, affecting isoprene and monoterpene emission substantially (Figure 2 & 5) . Over recent decades, human-induced land-use changes have led to greatly reduced isoprene emissions in the tropics, 275 whereas a reduction in monoterpenes is simulated mainly for the mid-latitudes ( When considering the same climate forcing but different land-use scenarios, future projections for isoprene fall into two distinct groups, with higher emission under LU 6.0 and 4.5 land-use scenarios and lower emissions for LU 2.6 and 8.5 land-use scenarios (Figure 6a) . A similar separation along LU scenarios is not found in future projections of monoterpene emissions, which are very similar for all land-use projections (Figure 6b) . The difference in emissions between LU 4.5 and LU 8.5 land-use scenarios show 295 contrasting spatial patterns for isoprene and monoterpenes towards the end of the 21 st century ( Figure   7 ). Due to the very high isoprene emissions over the tropical forest, any transformation from tropical forest to pasture/cropland will reduce emissions strongly (Figure 7 ). Tropical deforestation is higher under LU 8.5 than LU 4.5 and hence isoprene emissions decrease more strongly under the LU 8.5 than the LU 4.5 land-use scenario. Isoprene emissions are much lower outside the tropics ( Figure 1a ) and 300 hence smaller changes between different land-use scenarios are observed there. The pattern for monoterpenes is more complex, with an increase in emission for the tropical forest regions under LU 8.5 while there is a decrease in emissions for the tropical savanna and temperate regions under increased land-use change (Figure 7b ). These contrasting patterns over the tropics are due to the relative emission capacity of crops compared to different tropical PFTs (see Table S1 ). These opposite patterns globally 305 compensate each other, explaining the very limited differences between the global total monoterpene emissions for all land-use scenarios over the 21 st century (Figure 6 ), although with important regional patterns ( Figure 7 ).
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Discussion
The estimates of global annual isoprene and monoterpene emissions for the last decades of 20 th century , including the effects of land-use change, are around 300 TgC yr -1 and 26 TgC yr -1 respectively. These emissions are lower than independent global estimates which give the range 350-800 and 43-177 TgC yr -1 for isoprene and monoterpenes respectively, with few estimates for monoterpenes 315 (summarized in Guenther et al., 2012, and Heald et al., 2008) . The main sources of global isoprene emissions are concentrated in the tropics while monoterpene emission sources are distributed much more evenly between different biomes (Figure 1a & b) . For both isoprene and monoterpenes, the distribution of global emissions simulated with LPJ-GUESS is very similar to that found in other global simulation experiments (e.g. Lathiere et al., 2006; Young et al., 2009; Heald et al., 2008; Lathiere et 320 al., 2010; Guenther et al., 2012; Pacifico et al., 2012; Wu et al., 2012; Unger et al., 2013; Squire et al., 2014) . This degree of spatial agreement between studies is partly determined by the underlying similarities between different global BVOC emission models (Arneth et al., 2008a ) with all models applying light and temperature as the strongest driver of short-term emission variability, and all models assuming in some way high tropical emission capacities for isoprene and more widespread range of 325 monoterpene emission capacity between biomes. While there is agreement on these main drivers of BVOC emissions, there are still important unknowns regarding the mechanisms of some processes, which could have important impacts on our global estimates (e.g. Loreto and Schnitzler, 2010; Harrison et al., 2013) . For both isoprene and monoterpenes we assume a direct CO 2 inhibition effect on isoprene and monoterpene production. Because this process has only been described relatively recent (e. Arneth et al., 2011) . For monoterpenes the situation is not so clear, although some studies found evidence of it at least for some species (e.g. Llorens et al., 2009; Loreto et al., 2001 ). The existence (or not) of a CO 2 -inhibition effect for monoterpenes remains one of the main factors of uncertainty for projecting their future emissions (e.g Schurgers et al., 2009b; Calfapietra et al., 2013) .
We find that when using only natural vegetation, simulated temporal trends of global total emissions 340 (1900-2100) differ fundamentally between isoprene and monoterpenes. This difference reflects differences in the broad geographic distribution of isoprene vs. monoterpene sources. As a consequence, different broad areas dominate the global total. Under changing climate, shifts in vegetation composition have a large effect on emissions of both isoprene and monoterpenes (Figure 3 ) (e.g. Wu et al., 2012; Lathiere et al., 2010; Squire et al., 2014; Pacifico et al., 2012; Schurgers et al., 2011; Arneth et 345 al., 2011; Arneth et al., 2008b) . Importantly, these changes are widespread over the globe and often do not indicate biome shifts or shifts in dominant vegetation, but rather a change in the relative abundance of different PFTs. While some models used to calculate BVOC emissions can simulate dynamical vegetation distribution, they have problems to simulate ecosystem succession and the change in PFT composition that is the result of it. LPJ-GUESS explicitly models growth and competition among 350 individual plants, with recurrent stochastic disturbances occurring, which results in a more realistic M A N U S C R I P T
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representation of vegetation composition, especially for areas where multiple PFTs co-occur (Smith et al., 2001 ). These results therefore indicate the importance of a modeling strategy which can capture the factors determining PFT distribution and relative abundance.
In addition to climate-induced changes in natural vegetation, humans have changed the land-use over 355 large parts of the globe. These anthropogenic land-use changes have important impacts on BVOC emissions due to the typically low emission capacities for isoprene and monoterpenes of crops and grasslands. A large reduction in global emissions of isoprene and monoterpenes is simulated when taking into account anthropogenic land-use (Figure 2 & 5) . Furthermore a strong negative trend over the last century was observed for isoprene emissions due to anthropogenic land-use change, much in line with 360 previous results which indicated that land-use change was the dominant driver of changes in isoprene emissions over the 20 th century (Unger, 2013; Lathiere et al., 2010; Lathiere et al., 2006; Acosta Navarro et al., 2014) . The reduction in monoterpene emissions due to land-use change is relatively limited, probably due to the smaller difference in emission capacity between natural and anthropogenic vegetation for monoterpenes relative to isoprene (Table S1 ), as well as the fact that land-use change is 365 relatively limited in the boreal region, an important source region of monoterpene emissions. Ongoing land-use change over the 21 st century will influence BVOC emissions further, with isoprene emissions being especially sensitive to differences in land-use scenario (e.g. Squire et al., 2014) . While the observed trends are robust, much of the magnitude depends on the emission capacity used for different PFTs. In our study we only use two generic cropland PFTs with associated isoprene and monoterpene 370 emission capacities. These emission capacities are "mean" capacities and exclude emission associated to episodic events such as disturbances or due to land management. Furthermore, it is known that some crops species have much higher emissions (e.g. Karl et al., 2009; Rosenkranz et al., 2014) . Although these higher-emitting crops are not currently prevalent enough to be expected to substantially influence our global estimates, they may have some important regional effects on BVOC emissions, as well as 375 providing an additional, land-use-based uncertainty to future emission projections. This is especially important when taking into account the possible future increase in bioenergy crops (oil palm, poplar, etc.), which generally have higher emission capacities then normal crops and might cause very high emissions regionally, with important implications for atmospheric pollution (Ashworth et al., 2013; Hewitt et al., 2009) . 380
We have not quantified the effects of our simulated BVOC emissions on atmospheric chemistry. Nonetheless it is possible to make some general observations on the implications of our results based on previous literature. BVOC emissions play an important role in atmospheric chemistry at both the regional and global scales with important implications for air quality. By acting as a sink for the hydroxyl radical, the primary atmospheric oxidant, they act to increase the atmospheric lifetime of methane, an 385 important climate forcing agent (Arneth et al., 2010) . A reduction in global isoprene emissions of the order of 10% has been shown to reduce the atmospheric lifetime of methane by ~5%, although multiple factors will influence the exact figure (Young et al., 2009; Unger, 2014) . Thus steady, or even decreasing, global BVOC emissions can be expected to have no effect on, or even notably reduce, the climate forcing resulting from methane. Products of BVOC oxidation have a catalytic effect on the production of 390 tropospheric ozone. Although in the global mean, a reduction in BVOC emission is expected to lead to reduced tropospheric ozone concentrations, and a consequent overall cooling effect on global climate M A N U S C R I P T A C C E P T E D ACCEPTED MANUSCRIPT (Unger, 2014) , regionally, the direction of ozone change is strongly dependent on concentrations of nitrogen oxides. Decreased BVOC emissions in areas with low background concentrations of NO x will act to marginally increase ozone formation (e.g. Hewitt et al., 2009 ), but as concentrations of ozone in such 395 regions are generally low, the health consequences are likely to be negligible. Furthermore, as the reductions of BVOC emissions are often associated with land-use change, this is likely to be accompanied by increases in NO x emissions; in regions rich in NO x , which encompasses many populated areas, especially in developing countries, reduced BVOC emissions will act to reduce ozone formation, with positive consequences for health, plant growth and crop yields (Sitch et al., 2007; Mills et al., 2007; 400 Fowler, 2008) . A notable exception to this pattern of BVOC reduction is the Sahel region of Africa, where the natural vegetation changes are projected to bring about large increases in isoprene emission, which, given the concentration of polluted megacities in this region, combined with the strong insolation, is likely to contribute to high ozone episodes. The projected reductions in monoterpenes in particular can be expected to reduce the formation of secondary organic aerosols. These aerosols have been found to 405 substantially influence cloud properties and provide a net cooling effect on climate (Paasonen et al., 2013) . Decreasing the aerosol loading will also act to decrease the fraction of diffuse light at the surface, which would act to reduce vegetation productivity quite notably (Mercado et al., 2009) , with potential reductions in terrestrial carbon uptake resulting. Overall, the decreased emissions of BVOC projected herein may thus contribute to a positive climate forcing, although uncertainties remain large (Unger, 410 2014) . Further details of the likely consequences of land-use change-induced changes of BVOC emissions on air quality are reviewed in (Rosenkranz et al., 2014) .
Summary
Our simulations indicate that global isoprene and monoterpene emissions at the beginning of the 20 th 415 century were higher than at present and are unlikely to increase over the 21 st century, although with important regional variations. The main driver of the decreasing trend in isoprene emission over the past century is anthropogenic land-use change. For monoterpenes, land-use change does also play a role, but the trend is dominated by changes in natural vegetation distribution. Future isoprene and monoterpene emission will be heavily influenced by the land-use scenario followed. Isoprene emission is > 50 MtC yr -1 420 higher under the LU 4.5 and 6.0 land-use scenarios than under the LU 2.6 and 8.5 land-use scenarios. For monoterpenes, the increases and decreases will be largely regional, but may cancel out on a global scale. Over the course of the 20 th century, the effects of climate and [CO 2 ] appear to approximately compensate each other for both isoprene and monoterpenes. For the 21 st century, no large changes are projected under RCP 4.5. However, a strong decrease in BVOC emissions is predicted under the RCP 8.5 425 climate scenario, due to the high atmospheric [CO 2 ] and resulting CO 2 inhibition effect. These results indicate the importance of taking both natural and anthropogenic changes in land-use into account when estimating past and future isoprene emissions. They also indicate that future emission will most likely be lower than under current conditions but a large range in the magnitude of BVOC emissions is possible, depending on the climate and land-use scenarios followed (200-310 & 19-24 Mt C yr -1 for 430 respectively isoprene and monoterpenes in 2100).
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Due to the importance of isoprene and monoterpenes for local to regional atmospheric chemistry and air quality, our estimates can serve atmospheric modelers with a range of possible emission scenarios to estimate the aerosol and ozone formation and methane lifetime under historical and future conditions. Decreases in the global load of BVOCs under scenarios with strong [CO 2 ] increases will act to reduce 435 methane lifetime, and thus marginally offset the radiative forcing effect of those [CO 2 ] increases. The influence on ozone and secondary organic aerosols will be highly regional, and influenced by emissions of other trace gases, particularly nitrogen oxides, but, given the magnitude of the regional changes in BVOC emission simulated here, is likely to be notable, and may be particularly so in the Sahel region of Africa. There is also evidence to suggest that the reduction of monoterpene emissions over the middle-440 high latitudes may contribute to a climate warming, the magnitude of which will need to be assessed with advanced chemistry-climate modelling. 
Highlights
-Global isoprene and monoterpene emission estimates are presented (1901-2100).
-Isoprene and monoterpene emissions decrease strongly over the 20 th century.
-Changes in vegetation cover drive global trends in isoprene and monoterpene emissions.
-A future global increase in BVOC emissions is improbable.
